In an attempt to better understand congenital subaortic stenosis, we reviewed 19 consecutive pediatric patients undergoing surgery for this problem between 1973 and 1984. Preoperative cardiac catheterization demonstrated subvalvular stenosis in all patients and associated anomalies in 11 patients. All patients underwent transaortic resection of the subaortic membrane. Five patients underwent concurrent additional cardiac procedures. An 8-month-old infant with multiple cardiac anomalies was the only operative mortality. Follow-up extended to 16 years, with a mean of 6.9 years. In five symptomatic patients, cardiac catheterization revealed a mean systolic pressure gradient of 33.0 ± 31.94 mm Hg 24.7 months (mean) after surgery. Two of these patients Congenital aortic stenosis represents 3 to 5 percent of all congenital heart disease."12 In approximately half of all cases, the aortic stenosis is valvular, one third is subvalvular, and the remainder is either supravalvular or multilevel.34 Both dynamic and fixed forms of subvalvular aortic stenosis have been described.5 Dynamic obstruction is produced by myocardial hypertrophy; therefore, the outflow orifice is variable in size relating to left ventricular volume and contractility. Fixed obstruction is produced by a specific anatomic malformation, and the orifice size is unchanged by physiologic variables. Fixed obstruction may be of two types. Type 1 or membranous subvalvular aortic stenosis is more common and is caused by a discrete subvalvular membrane. Less commonly, type 2, fibromuscular, or tunnel subvalvular aortic stenosis, is caused by a diffusely narrowed segment of the left ventricular outflow tract.5 '6 We have reviewed the clinical, pathologic, and operative findings of all patients undergoing surgery for this problem over a 12-year The patients' ages at surgery ranged from 8 months to 18 years, with a mean age of 8.8 years. Eleven were males and eight were females. Eight patients were asymptomatic, whereas nine presented with symptoms of congestive heart failure, and four had angina pectoris (two of whom had coexistent symptoms of failure).
Five of the patients had undergone a total of six prior cardiac operations: one patient had closure of a patent ductus arteriosus, one patient underwent resection of infundibular pulmonic stenosis, one patient underwent resection of infundibular pulmonic stenosis with repair of a ventricular septal defect, and one patient had correction of Fallot's tetralogy. Another patient underwent two prior cardiac operations: first, closure of a patent ductus arteriosus with repair of aortic coarctation, and 18.5 months later, a second coarctation repair.
All 19 patients had systolic ejection murmurs detected during the physical examination, 10 had palpable thrills, 3 had ejection clicks, and 4 had associated diastolic murmurs. Chest radiography revealed cardiomegaly in ten patients, aortic poststenotic dilation in three patients, and evidence of increased pulmonic flow in two patients. Electrocardiogram revealed left ventricular hypertrophy in 11 patients with associated strain pattern in 3 patients. Preoperative 2-dimensional and Doppler echocardiograms were performed in 11 patients: 7 patients had clear evidence of subvalvular aortic stenosis with 4 of these revealing discrete subvalvular lesions, and 5 patients had evidence of left ventricular hypertrophy.
All patients underwent preoperative cardiac catheterizations which documented the presence of subvalvular aortic stenosis (Fig 1) . Valvular aortic stenosis also was present in three patients and supravalvular aortic stenosis was demonstrated in one.
Pressure Gradient (mm Hg) 140 FIGURE 1. Left ventriculogram of a 21/2-year-old girl with subaortic ridge (arrow), 1 cm below the aortic valve. The patient is well after transaortic resection of the subaortic membrane for more than 13 years from operation.
Systolic pressure gradients across the subvalvular membrane were 74.53 ± 31.49 mm Hg. Eleven patients demonstrated a wide range of associated cardiac anomalies including three with ventricular septal defect, three with pulmonic stenosis, and two with a single main coronary artery (Table 1) .
RESULTS
Transaortic resection of the subaortic membrane was performed in all patients with a mean cardiopulmonary bypass time of 78.8 ± 72.3 min (range: 35 to 302 min), systemic hypothermia at 28°C, and a mean aortic cross-clamp time of 31.0 ± 15.7 min (range: 15 to 66 min) with cold (40C) crystalloid cardioplegia. Five patients underwent additional concurrent cardiac procedures (Table 1 ). There was one operative mortality (5.3 percent), an 8-monthold infant with multiple cardiac anomalies (a ventricular septal defect, an atrial septal defect, a single main coronary artery, cor triatriatum, pulmonary hypertension, and a double outlet right ventricle [ Table 1 ]).
Pathologic examination of specimens revealed fibrous membranes or rings resected from the subvalvular region of the 18 surviving patients. The patient who died intraoperatively was found to have endocardial fibrosis, membranous subaortic stenosis, as well as previously listed anomalies (Table 1) .
Postoperative complications were seen in four patients: one case of culture-negative postpericardiotomy syndrome controlled with aspirin, one case of short-term renal failure treated with temporary peritoneal dialysis prior to eventual resolution, one urinary tract infection caused by Pseudomonas or- (Fig 2, 3) . Two of these five patients required reoperation for recurrent subaortic stenosis 23 and 34 months, respectively, after their initial operations. One of these patients also had a tubular fibrous subvalvular stenosis as well as supravalvular and subvalvular mitral stenosis (Fig 4) . This patient died 34 months after the second mitral valve replacement (4.5 years after the initial operation). This patient represents the only late mortality in our series (1 out of 18 or 5.6 percent).
Of the remaining 13 asymptomatic patients, 12 underwent two-dimensional and Doppler echocardiograms. Four of these patients were found to have recurrent subaortic stenosis with systolic pressure gradients between 55 and 85 mm Hg. Of these four 13 years after the operation. A third patient refused catheterization or further intervention and is currently doing well. The fourth patient was unavailable for follow-up (Fig 5) .
In our series, 6 patients had evidence of restenosis (6 of 18 or 33.3 percent of survivors; 2 symptomatic patients whose conditions were manifested by catheterization and 4 asymptomatic patients whose conditions were shown by echocardiography). Three patients required reoperation for recurrent stenosis (3 of 18 or 16.7 percent of survivors). Two of these three patients are currently doing well. The third patient expired, as previously described.
DISCUSSION
Fixed subvalvular aortic stenosis was first described in 1842 by Chevers.7 There are no published data documenting the natural history of unoperated fixed subvalvular stenosis.8 Campbell,9 however, reported a 1.4 percent per year overall death rate and 0.9 percent per year sudden death rate in the review of 2,816 collective nonsurgically treated cases of either valvular or subvalvular aortic stenosis from six separate series. He also documented the progressive nature of congenital aortic stenosis with continued worsening of the patients' functional status with time. 9 Moses and associates8 reported long-term survival ranging from 63 to 93 percent after surgery for subvalvular aortic stenosis in a collective review of eight series. The two patients who died in our series had multiple cardiac anomalies. The majority of our survivors (13 of 18 or 72 percent) have remained asymptomatic since their initial operations; some are active in sports, and at least one is known to have delivered a baby. Transaortic resection of the subaortic membrane has been the standard surgical approach for treating subvalvular aortic stenosis for many years.10-12 This procedure carries a very low operative mortality.5 8'13'14 However, certain potential complications must be avoided. When excising the subaortic membrane, certain anatomic relationships must be kept in mind. Beneath the noncoronary cusp, the membrane may be attached to the ventricular septum; excessive excision in this area can perforate the septum and damage the conduction bundle causing either a ventricular septal defect, heart block, or both. Be- neath the left coronary cusp lies the base of the aortic leaflet of the mitral valve; overaggressive excision here can lead to mitral valve damage.13 Postoperative recurrence of the subvalvular aortic stenosis has been reported to occur at rates ranging from 5.5 to 36 percent.8,11,14-16 Three of our patients (16.7 percent) required reoperation for recurrent stenosis. Because of high recurrence rates, some authors view this operation merely as palliative.13
Moreover, some believe that untreated or inadequately treated membranous obstruction may actually progress to fibromuscular tunnel obstruction due to fibromuscular proliferation in the area of the left ventricular outflow tract.14 This concept leads to the theory that the Kelly classification of two types of subvalvular aortic stenosis is actually an oversimplification and that in reality type 1 membranous obstruction and type 2 tunnel obstruction actually represent two ends of a spectrum of anatomic entities causing subvalvular aortic stenosis.17 Our patient who required reoperation 23 months after his initial operation demonstrated this progression of disease. Initially he underwent resection of the subaortic membrane, but 23 months later he underwent resection of the subaortic tubular fibrous tunnel.
Because of the potential for recurrent subaortic stenosis, we feel that echocardiography offers an important noninvasive method to serially follow patients after transaortic resection of the subaortic membrane. Echocardiography can identify the presence of subvalvular stenosis and its anatomic type.18 As shown by our series, patients with surgically corrected subvalvular aortic stenosis may develop restenosis and remain asymptomatic. Echocardiography represents an inexpensive and noninvasive method of screening for recurrent stenosis in those asymptomatic patients.
Since transaortic resection of the subaortic membrane is associated with a significant recurrence rate, it is reasonable to consider alternative therapies for this disease process. Other surgical approaches have been applied to correct subvalvular aortic stenosis, especially in complex cases. Cain and colleagues14
reported on the use of resection of the subvalvular membrane combined with left ventricular myectomy as the primary treatment for subaortic stenosis. They feel that purely membranous obstructions are rare and that hypertrophic muscular obstruction often is coexistent. However, they found no significant difference in recurrence rates between subaortic membrane resection alone and subaortic membrane resection combined with myectomy, although the trend favored adding myectomy.14 Furthermore, Lupinetti and associates15 recently reported markedly reduced recurrence rates when myectomy was added to membrane excision during the original operation.
The procedure of Konno et Rastan and colleagues22 reported that aortoventriculoplasty combined with aortic valve replacement is an effective operation for complex types of subvalvular stenosis resulting in relief of obstruction in the overwhelming majority but with potentially higher mortality and complication rate than subvalvular membrane resection alone. Others also have used aortoventriculoplasty for a variety of indications ranging from usage for all forms of congenital valvular and subvalvular aortic stenosis to usage for complex cases of subvalvular stenosis including reoperations and tunnel obstructions.14 Vouhe and colleagues23 reported a modification of the Rastan aortoventriculoplasty in which an aortic valve replacement is avoided as is the usage of the prosthetic patch. They avoided excising the aortic valve by dividing the aortic annulus across the commissure between the right and left aortic cusps so as to preserve the aortic leaflets. The use of prosthetic mesh is avoided by modifying the various incisions so that they can be closed primarily without patching the left ventricular outflow tract. They feel this aortoseptal modification may be the procedure of choice for diffuse stenosis limited to the subvalvular area and that aortoventriculoplasty as described by Konno et al, 19 Misbach et al,20 and Rastan and colleagues21 22 is still applicable for tunnel lesions which also have involvement of valvular or supravalvular levels. Recently, Vouhe and Neveux17 reported that the anatomic features of the subvalvular aortic stenosis will determine their choice of surgical intervention: transaortic resection of the subvalvular membrane is used for localized discrete lesions and aortoventriculoplasty is used for diffuse lesions with preservation of the native aortic valve whenever possible.
We feel that transaortic resection of the subvalvular membrane is an acceptable method of treatment for fixed membranous subvalvular aortic stenosis, but is associated with a significant incidence of recurrence. Other more complex procedures are available for patients with more complicated types of subvalvular aortic stenosis, such as tunnel subvalvular stenosis, recurrent subvalvular stenosis, and stenosis with hypoplastic aortic annulus. As experience with these more complex procedures grows, their application may be broadened to replace or complement transaortic resection of the subvalvular membrane in selected patients to avoid the problem of recurrence.
CONCLUSION
Transaortic resection of the subaortic membrane is an acceptable treatment for fixed membranous subvalvular aortic stenosis, but is associated with a high incidence of recurrence. Echocardiography represents a noninvasive and inexpensive method to follow up patients serially after transaortic resection of the subaortic membrane. Mortality associated with fixed membranous subvalvular aortic stenosis often is related to coexisting cardiac anomalies. Many alternative surgical options are available for patients with more complex types of subvalvular stenosis or recurrent stenosis. In time, these alternative procedures may replace or complement transaortic resection of the subaortic membrane in selected cases to avoid the problem of recurrence.
